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Abstract 
Surface enhanced infrared absorption (SEIRA) spectroscopy was investigated using sputtered gold nanoparticles on 
the As2S3 chalcogenide glass. Islands films were sputtered on the substrate with various thicknesses from       
11.1±0.9 nm to 31.4±3.6 nm. Infrared transmission spectra of 4-nitrothiophenol adsorbed on gold nanoparticles show 
that SEIRA effect was dependent of the thickness of discontinuous gold films. Only symmetric NO2 stretch        
(1336 cm-1) was observed and enhanced due to surface selection rules. The best enhancement is one order of 
magnitude stronger than for a continuous gold film. The corresponding thickness measured by Atomic Force 
Microscopy is 16.3±0.5 nm. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
Surface enhanced infrared absorption (SEIRA) was observed for the first time in 1980 by Hartstein et al. 
[1]. It was shown that infrared absorption of organic compounds can be enhanced thanks to metallic 
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nanoparticles by many orders of magnitude. Since this discovery, several works have been published on 
SEIRA effect to elucidate this phenomenon with various metals (Ag, Au, Cu, Pt) and molecules [2-7]. 
Surface plasmon resonance was found to be the origin of SEIRA even if it is not fully understood. 
Plasmon resonance frequency of metallic nanoparticles can be tuned in the infrared domain with their 
morphologies [8]. Since most of the infrared signatures of organic species and biomolecules are included 
in the mid-infrared domain, SEIRA can be used to improve the infrared detection limits of molecules. 
Most of reports on SEIRA [9-11] have been implemented using crystals (CaF2, Ge, Si) which cannot be 
easily used for shaping integrated optic devices devoted to mid-infrared. In this report, chalcogenide glass 
is used as substrate due to its transparency in the mid-infrared. These materials can be transparent up to     
20 μm, depending on their composition and, moreover, they can be shaped into optical fibers, lenses, thin 
films, ATR plates, planar waveguides in order to fabricate some advanced optical sensing devices        
[12, 13]. 
This work aims at developing substrates that will increase the sensitivity of traditional infrared system. To 
our knowledge, this is the first observation of SEIRA on gold nanoparticles carry out in the infrared 
thanks to a chalcogenide glass substrate. 
2. Materials and experimental methods 
The infrared glass substrate used in this work was the As2S3 glass which is transparent up to 10 μm. It 
was synthesized in an amorphous silica tube with high purity raw As (99.999%) and S (99.999%) 
elements under turbomolecular vacuum. Elements are purified during synthesis. The glass is then melted 
in a rocking furnace overnight, then quickly quenched in water and immediately annealed. The resulting 
glass rod 1cm diameter and 10 cm length was sliced into 3 mm thick disks using a diamond wire saw. The 
surface of the disks was mirror polished using alumina powder (grain size: 0.5 μm). The resulting glass 
disks are 2 mm thick.  
Chalcogenide glass used in this study contains sulfur which ensures a good adhesion on gold on the 
surface via Au-S bonding and no surface treatment was required. Chalcogenide disks were sonically 
cleaned using acetone and isopropopanol (analytical grade, Prolabo and Carlo Erba). Gold films were 
then directly deposited on disks by direct current sputtering in a home-built small-sized DC sputtering 
device using a water-cooled coaxial cathode allowing target-substrate distance control. Deposition was 
performed under a pure Argon atmosphere. A 1" diameter target was used and was constituted of a pure 
gold foil (99 % purity, 0.5 mm thick, Goodfellow). A small part of the substrate was masked with felt-tip 
ink to locally prevent gold deposition and then cleaned with ethanol for measurement of film thickness by 
Atomic Force Microscopy (AFM).
The self-assembled monolayer of 4-nitrothiophenol (technical grade, Sigma-Aldrich) was prepared by 
soaking the gold-coated substrate in 20 mL of a 6.5 10-5 M aqueous solution of 4-Nitrothiophenol for 5 h 
at room temperature, and then rinsed with ethanol and was dried under a flow of dry nitrogen. 
SEIRA spectra of 4-nitrothiophenol on gold islands films were measured on FTIR Thermo Nicolet 
spectrometer in transmission mode, using DTGS/KBR detector, 4 cm-1 resolution and co addition of    
256 scans. The background spectrum of atmosphere was measured as a single beam and was used as 
reference. 
Gold film morphology and thickness were investigated by Atomic Force Microscopy  (Dimension 3100, 
Nanoscope V, Digital Instruments, Santa Barbara CA, USA), operated in tapping modes using doped 
silicon tip (BS-TAP300Al) with an average radius less than 10 nm and a resonant frequency of 300 kHz. 
The AFM was calibrated using a 21.5±1 nm step height  Z axis calibration grating (TGZ1 from NT-
MDT). The mean thickness was measured thanks to a mark left by a permanent marker on the substrate 
surface prior gold deposition. After which it was dissolved away with ethanol.  
The conductivity of the gold films was inspected with an ohmmeter. 
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3. Results and discussion 
3.1. Atomic Force Microscopy characterization of sputtered gold films 
Fig. 1 shows AFM pictures of the polished surface substrate before (a) and after gold sputtering at room 
temperature (b). 
      a           b 
Fig. 1. AFM pictures of polished surface As2S3 : (a, b) phase contrast; (a) before gold deposition; (b) covered by gold 
nanoparticles at room temperature 
As seen from Fig. 1a, the surface of the substrate, despite an optical grade finishing, exhibits residual 
nano scratches. The surface roughness computed over 1×1 μm² area is about 3.5 nm. Note that a smooth 
surface is essential to ensure the homogeneity of the metallic film growth [14]. As shown in Fig. 1b, after 
sputtering, gold nanoparticles cover the whole surface of the vitreous substrate. Different sputtered gold 
films were deposited at room temperature with a sputtering time from 30 seconds to 110 seconds. The 
film is formed by densely packed gold nanoparticles (Fig. 1b). Diameters of these gold islands appears to 
be around 20 nm on the picture nevertheless due to the finite radius of curvature of the AFM tip the real 
diameter is rather less than 20 nm. Gold films are non-conductive until 80 seconds of sputtering at room 
temperature, according to conductivity test. For non-conductive gold films, gold nanoparticles are 
assumed to be separated and the distance between each nanoparticle, called air gap, can be assessed equal 
to few nanometers but it was not directly measurable.  
3.2. SEIRA spectra of 4-nitrothiophenol 
As in previous works [3, 5], a monolayer of 4-nitrothiophenol was used to assess the SEIRA 
phenomenon. The infrared spectra of 4-nitrothiophenol monolayers is well known. The strongest bands 
are located at 1336 cm-1 and 1512 cm-1 and correspond to NO2 symmetric and antisymmetric stretching 
modes, respectively. For SEIRA highlight, we focussed our attention in the 1300/1530 cm-1 region. The 
infrared spectra of 4-nitrothiophenol on different sputtered gold films at room temperature on As2S3
substrates is reported in Fig. 2. 
First of all, a very strong band is observed at 1500 cm-1 which is attributed to classical CS2 residual 
impurities in the As2S3 glass bulk (Fig. 2). Of course, its intensity depends on the impurity concentration 
in the substrate and only the superficial layer of the substrate is enhanced by gold nanoparticles and is 
observed without gold nanoparticles. On the other hand, the intensity of the symmetric NO2 stretch band 
at 1336 cm-1 is clearly dependent on the thickness of gold islands film. Discontinuous gold films enhance 
this infrared absorption band compared to continuous gold film (31.4±3.6 nm). The gold film with a 
thickness of 16.3±0.5 nm shows the best enhancement, about 10 times. A slight shift, about 5 cm-1, of the 
frequency of the symmetric NO2 band between gold films is also observed which is not explained for the 
moment. 
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Fig. 2. Infrared transmission spectra of 4-nitrothiophenol monolayers on sputtered gold islands films at room 
temperature of various thicknesses on As2S3 substrate
Whatever the gold films, the band associated with the antisymmetric stretching mode of the NO2 group is 
not observed. The same observation was previously reported [5] and was explained by surface selection 
rules.
4. Conclusion 
Surface enhanced infrared absorption (SEIRA) spectroscopy was investigated using gold nanoparticles on 
the As2S3 chalcogenide glass. It has been shown the possibility to obtain discontinuous gold islands films 
of various thicknesses by sputtering on a chalcogenide glass. It has also been shown an enhancement of 
infrared absorption of 4-nitrothiophenol by one order of magnitude with a 16.3±0.5 nm discontinuous 
gold islands film. Thus, these preliminaries works are promising and they pave the way for various 
configurations of the waveguide for integrated optic components. 
Acknowledgements 
This work is supported by the French National Center for Scientific Research (CNRS) and the French 
Research Institute for Exploitation of the Sea (IFREMER). 
References 
[1]   A. Hartstein, J. R. Kirtley, and J. C. Tsang, Physical Review Letters 45 (1980). 
[2]   Y. Nishikawa et al., Vibrational Spectroscopy 6 (1993). 
[3]   Z. Zhang, and T. Imae, Journal of Colloid and Interface Science 233 (2001). 
[4]   H. Seki et al., Surface Science 506 (2002). 
[5]   Bjerke et al., Surface-enhanced infrared absorption spectroscopy of p-nitrothiophenol on vapor-deposited platinum films 
(Society for Applied Spectroscopy, Frederick, MD, ETATS-UNIS, 2002), Vol. 56. 
[6]   Y. Suzuki et al., in 9th International Conference on Vibrations at Surfaces (VAS9) (Elsevier Science Bv, Hayama, Japan, 
1998), pp. 136. 
[7]   M. Osawa, and M. Ikeda, Journal of Physical Chemistry 95 (1991). 
[8]   S. Lal, S. Link, and N. J. Halas, Nat Photon 1 (2007). 
[9]   K. Ataka, and J. Heberle, Analytical and Bioanalytical Chemistry 388 (2007). 
[10]   J. Kundu et al., Chemical Physics Letters 452 (2008). 
[11]   M. Osawa et al., Applied Spectroscopy 47 (1993). 
[12]   B. Bureau et al., Journal of Non-Crystalline Solids 345 (2004). 
[13]   J. Charrier et al., Journal of Applied Physics 104 (2008). 
[14]   Y. L. Lee, and J. R. Maa, Journal of Materials Science Letters 10 (1991). 
1300 1320 1340 1480 1500 1520
0.002
31.4r3.6 nm
30.1r2.5 nm
16.3r0.5 nm
T
ra
ns
m
is
si
on
Wavenumber (cm-1)
11.1r0.9 nm
7.7 7.6 7.5 7.4 6.8 6.7 6.6
